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In selecting an oil for Ice Machine, Air 
Compressor, Diesel Engine or Gas En- 
gine lubrication, remember that these 
machines are equipped with piston rings 
and consequently, require special con- 
sideration. 

It is extremely important that the vis- 
cosity or relative fluidity be right. 

It is equally important that the oil used 
will not form troublesome gums and de- 
posits of hard carbon. 

If the oil is too light, effective piston 
sealing cannot be maintained under op- 
erating temperatures with the result that 
there will be loss of power. On the other 
hand, an oil too heavy is bound to incur 
drag, over-heating and abnormal power 
consumption. 

And, we say, avoid an oil that forms 
troublesome deposits of hard carbon. For 
carbon means shut-downs for removal— 
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often to the extent that pistons have to 
be pulled to release stuck rings. 

The Texaco engine and compressor lu- 
bricants have proved their ability to meet 
the severest tests. Their use assures car- 


bon-free engine performance, exceptional 
ability to seal compression —and_ they 
stand up under extreme temperatures, 
high or low. They permit engine opera- 
tion at full capacity —and_ occasional 
overload—with safety and dependability. 

We invite your inquiry concerning our 
compressor and engine lubricants and 
extend the cooperation of our engineer- 
ing and laboratory facilities in determin- 
ing the requirements of your particular 
installation. 
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Relation of Piston 


Rings to Effective 


Cylinder Lubrication 


TTAINMENT of successful engine. or 
ees operation is contingent upon 
a number of factors, which involve both 
design and operation. Among the most im- 
portant are piston rings and_ lubrication. 
They require more than passing consideration, 
by reason of their dependence upon each other, 
for neither could function independently. 

In full realization of this fact, the petroleum 
industry has studied the various requirements 
of engine and compressor cylinder operation, 
particularly with respect to the range of tem- 
peratures and pressures which lubricating oils 
must withstand. Foundry and machine shop 
authorities in turn, have studied the manufac- 
ture of piston rings from a metallographic or 
iron structure viewpoint, as well as mechanical 
design; all to the development of a better un- 
derstanding of each other’s problems. 

Mention of temperature ranges requires 
more detailed consideration of the prevailing 
limits as they exist today in modern engine or 
compressor operation. It is these limits, in 
fact, which have been so influential in bringing 
about study of relative hardness in piston ring 
and liner construction. 

The lowest range of cylinder temperatures 
are found in refrigerating compressor service. 
The piston type of pump, air compressor, 
steam engine, gas engine and Diesel will show 
rising temperatures normally in the order 
named. Some variation will, of course, occur, 


dependent upon individual operating condi- 
tions. ‘There will also be instances of over- 
lapping. For this reason study of the average 
temperature range in any particular installa- 
tion must be made by the lubricating engineer 
in deciding upon the oil to use, or the piston 
ring authority in recommending any specific 
type or hardness of ring. 

The thoughts of the former must be particu- 
larly directed towards viscosity or relative 
fluidity, for the extent to which effective pis- 
ton sealing can be maintained under operating 
temperatures will largely depend upon this 
property. Obviously too thin an oil may permit 
blow-by to occur. Conversely, too heavy an 
oil may cause drag, overheating and abnormal 
power consumption. 

It is not enough for the oil viscosity to be 
right, commensurate with cylinder conditions. 
To insure against blow-by or abnormal wear, 
certain authorities feel that ring material must 
show: 

1. A dense, uniform graphite distribution. 

2. A well defined pearlitic matrix, bordering 
on the sorbitic stage to insure adequate 
resistance to wear, and 

3. Freedom from segregated constituents. 


FUNCTION OF PISTON RINGS 
Piston rings perform a number of functions 
in engine, pump or compressor operation. In 
service when heat is developed or applied, as in 
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the Diesel or other types of internal combustion 
engines, the steam engine or some air com- 
pressors, piston rings serve to maintain com- 
pression, control lubrication and conduct heat 
away from the combustion, power or working 
chamber to the cylinder walls as well as the 
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Fig. 1—Showing constructional details in section and side view for 
piston rings with the conventional type of joints; also, various types of 
designs of plain rings, with sealed joints, and two piece sealing rings. 
For worn cylinders, the trend seems to be toward the use of two piece 
sealing rings. 
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TWO-PIECE SEALING RINGS 





piston, whence the cooling systems can perform 
their functions. In pump and refrigerating com- 
pressor service the duty is not as severe, for 
heat conductivity is not an important factor. 
When a set of piston rings is capable of perform- 
ing these functions effectively, by reason of 
judicious design, proper installation, and = in- 
telligent appheation of evlinder lubricating oil, 
the ultimate objective—prevention of wear by 
preservation of an adequate lubricating film 
under all conditions of operation—will more 
nearly be accomplished. 


Relation of Compression 

Loss to Blow-by 

Maintenance of compression is of vital im- 
portance because when loss of compression 





June, 19338 


develops blow-by will be bound to occur, allow- 
ing the hot from the combustion or 
power chamber to pass the rings. This de- 
stroys the protecting oil film and permits metal 
to metal contact of rings and cylinder, resulting 
in excessive friction, heat and wear. The in- 
timate relationship of blow-by to piston rings 
must therefore be thoroughly realized. 

Blow-by is also influenced by piston speed, 
according to one well known manufacturer, * 
who states that—*engines with a piston speed 
of approximately 1000 feet per minute are not 
subject to appreciable leakage or blow-by 
through the joint. On the higher speed engines 
blow-by usually occurs on the outside diame- 
ter of the ring adjacent to the joint. This 
condition is greatly exaggerated in high speed 
automotive engines and can be corrected by 
giving additional support to the weak section 
of the ring near the joint. This is generally 
accomplished by manufacturing the rings with 
plus circularity. In other words, when a ring 
is measured at various points around its cir- 
cumference while held in a flexible band. of 
cylinder size, it is said to have plus circularity 
if the axis through the joint is greater than the 
axis 90 degrees from the joint. Rings with plus 
circularity will have greater pressure at the 
joints than rings with zero circularity or minus 
circularity. This additional strength at the 
weakest section of the rings is essential in all 
high speed engines, and, the greater the piston 
speed, the greater the plus circularity required. 
On the other hand, regardless of the amount of 
plus circularity that a ring has when placed in a 
flexible band, it must, of course, conform per- 
fectly to a true cylinder when confined in the 
cylinder.” 

“In engines with a piston speed of less than 
1000 feet per minute, leakage through the joint 
must be considered. This leakage may destroy 
the oil film at the start, causing wear at the 
point of passage. Several types of single-piece 
piston rings with special joints as well as 
numerous designs of multiple-piece rings are 
manufactured which develop excellent joint 
seals. Seal rings, while of questionable value in 
new engines, are frequently essential in badly 
worn cylinders. For example, consider a 20 
inch ring in a cylinder having a taper of 0.100 
inch. If this ring has the normal gap clearance 
of 0.100 inch at the smallest part of the eylin- 
der, it will have a gap clearance of 0.100 inch 
plus 3.14 times 0.100 inch or a total of 0.414 
inch at the largest part of the cylinder. Under 
such conditions, which are not unusual, a seal 
ring is obviously desirable.” 

“Tn addition to the requirements that it must 
be perfectly round in the cylinder with the 
proper radial pressure at all points, a ring also 
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* The American Hammered Piston Ring Company 
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must be perfectly flat so that a seal is assured 

rainst the lands of the groove. By suitably 
providing for these factors in the manufacture 
of the rings, blow-by can be reduced to the 
minimum.” 


Control of Lubrication—Ring Pressure 


Control of cylinder lubrication by uniform 
distribution of oil over the cylinder walls must 
be maintained by the piston rings. This fune 
tion is intimately related to prevention of oil 
pumping and blow-by due to the detrimental 
effect which the latter especially will have upon 
the oil film on the eylinder walls on the work- 
ing stroke. The tension in the compression or 
power rings must, therefore, be sufficient to 
press the oil film tightly and evenly against the 
cylinder wall. It must, of course, be uniform 
over the entire contact surface of the rings, for 
any uneveness may lead to so-called “high 
spots” in the film and develop oil pumping or 
passage of an excesss of lubricating oil past the 
rings into the compression or top side of the 
engine or compressor. + 

The same authorities* state that: 

“A light tension ring rides up on the oil, 
leaving a very light tension film. On the work- 
ing stroke, a weak film of oil is easily blown 
out of the space between the ring and cylinder 
so that the ring rubs against the cylinder, un- 
protected by oil, thus starting wear. On the 
other hand, an oil film which is pressed firmly 
by a piston ring will have sufficient tension in 
itself to resist blow-by, thus forming a perfect 
seal and preventing wear.” 

“The oil control ring must have sufficient 
unit pressure in order to remove excessive oil 
from the cylinder wall. This pressure can be 
twice that of a compression ring without 
danger, as the oil ring is away from gas pressure 
and well lubricated. This high unit pressure 
can be secured by cutting down the evlinder 
contacting surface so as to reduce the bearing 
area, as on bevelled and grooved rings.” 

“A slotted ring also has a greatly reduced 
hearing area and = correspondingly increased 
unit pressure. The operation of the slotted ring 
may be described as follows: As the advancing 
edge of the ring passes over the film of oil on the 
evlinder, it exerts a heavy pressure which is 
suddenly relieved over the area of the slots. 
The oil then rushes into the slots in the same 
way that water rushes in behind a moving 
ship. The following edge of the ring keeps the 
oil in the slots and guides it towards the drain 
holes in the back of the piston groove.” 

“The unit pressure of rings can be increased 
by the use of expanders. When these are pro- 


There is of course difference of opinion as to just what r r ter n 
suld be, also the relative advantages of wide 


Hence our quotation from manufacturers, 


} 


vided with oil vents they may be used effec- 
tively in conjunction with slotted oil rings.” 
“When slotted rings are used, as is customary 


on four-evele engines, it 1s necessary to have 











drain holes drilled in the back of the piston 
Ample area of drainage must be pro- 
vided both in the slots in the rings and in the 
holes in the piston because insufficient area 
will retard the quick passage of excess oil and 
cause the holes and slots to clog up. When the 
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pistons are not drilled or when all of the drilling 
is below the ring grooves, bevelled rings are 


used as oil scrapers.’ 


Depth of Piston Ring Grooves 


Inasmuch as one of the principal functions of 
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Fig. 3—Showing a method of installing Cooktite piston rings in 
four-cycle and two-cycle gas engines. The top view shows installation 
of rings on a double acting four-cycle engine; center view shows a 
similar installation for a single acting four-cycle engine; bottom view 
pertaims to a two-cycle engine. 
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a piston ring is to transfer heat, the radial or 
wall thickness of the rings and corresponding 
depth of the grooves in the piston is of distinct 
importance. In the opinion of certain author- 
ities this has been too frequently over-looked, 
with the result that many pistons in the past 
have been designed with grooves entirely too 
shallow. In this regard, trade standards rec- 
ommend a radial depth of 0.040 inches per 
inch of diameter. This is about the maximum 
that can safely be sprung over a solid piston. 

In addition to insufficient heat transfer, 
other detriments which may result from too 
shallow ring grooves will include sticking of 
rings, accumulation of carbon, blow-by, ab- 
normal groove wear and sometimes distortion 
of the ring itself. This latter may occur where 
attempt is made to use a deeper ring than the 
grooves are designed for. In regard to blow-by, 
it is also of interest to note that some author- 
ities feel that depth of ring grooves in pistons is 
directly related to amount of blow-by, the one 
becoming therefore a measure of the other. 

EFFECT OF FUEL QUALITY AND 

COMBUSTION 

In Diesel engine service study of performance 
of piston rings and cylinder liner wear should 
commence with the fuel, particularly in view 
of the fact that considerable wear will result if 
this latter contains any appreciable amount of 
abrasive, foreign matter. Wear may also be 
affected by improper combustion. 

In addition to wear, a fuel of comparatively 
high foreign matter content may cause the 
piston rings to stick and the valves to function 
imperfectly, due to accumulation of such mat- 
ter around the valve stems. 

For this reason careful study should be given 
to the fuel analysis and installation of suitable 
equipment for purification prior to usage. It is 
practicable to remove virtually al] suspended 
solid or non-combustible matter from the 
average Diesel fuel with the centrifugal puri- 
fier. Unfortunately sulphates developed as 
products of combustion in high sulfur-content 
oils remain to sometimes become detrimental 
in contributing to liner wear, especially where 
they may have united with iron to increase 
their abrasive nature. Combined with car- 
bonaceous residue from either the fuel or lubri- 
eating oil, such sulphates of iron are one of the 
chief causes of stuck rings. The sulfur content 
should therefore never be overlooked, es- 
pecially since it introduces the added _possi- 
bility of development of corrosion due to acid 
formations in the presence of moisture particu- 
larly on standby. 

Incomplete Combustion 

Whatever the cause of improper combustion, 

the result will be that all of the fuel supplied to 
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the combustion chamber is not completely 
hurned. Where this occurs the unburned por- 
tions of the atomized fuel will to some extent 
he caught by the thin oil coating on the eylinder 
walls, or else tend to creep past the piston 
eventually to reach the base, wherever 
the design makes this possible. 

In the first case, the quality of the cylinder 
lubricant may suffer due to change in viscosity 
or due to the content of solid matter. In the 
second case, the quality of the lubricant in the 
base will be lowered, thus leading to excessive 
bearing wear. 


rings, 


Fuel Quality 

Ash content in the fuel is another cause of 
excessive wear. Ash is the non-combustible 
mineral matter dissolved or suspended in the 
fuel. Unless effective oil filters are used, 
considerable portion of this mineral matter will 
exist in the form of an extremely fine powder 
after combustion, capable cf being swept out 
and carried along by the exhaust gases. Some 
of it will be caught in the lubricating oil film, 
thus impairing lubrication and inc reasing wear. 
But however serious wear may be, due to ex- 
cessive ash content, it certainly cannot be held 
responsible for the fact that cylinder liners do 
not wear uniformly, but instead show maxi- 
mum wear very near the top of the stroke, 
ultimately becoming barrel- 
shaped. 

It is significant that the 
zone of maximum wear is 
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if effective lubrication and seal are to be main- 
tained. To insure even bearing, the rings must 
fit evenly in their grooves, and yet be capable 
of free movement, or floating. 
it is highly essential that the grooves be ae- 
curately machined and absolutely parallel. 
Proper fitting will also insure even bearing on 
the sides of the which will afford 

further advantage in preventing accumula- 
tions of carbon and leakage of steam, air or 


For this reason 
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gases of combustion back of the rings, to cause 
loss of compression. Maintenance of compres- 
sion should, therefore, be indication of not only 
suitable ring installation, but also effective 
lubrication. Study of Diesel engine operations 
under test conditions has borne out the truth 
of this assumption. 

In connection with this matter of ring fit 
and installation, the type of ring should always 
be studied, for with certain designs it is possible 
to install them upside-down, a procedure which 
would lead to abnormal oil consumption, im- 
pairment of the seal and loss of compression. 

Freedom of motion is also very essential. 
Obviously it cannot be assured even with the 
best of lubrication, if the rings bind mechani- 
eally. The utmost care should therefore be 
given to the clearance en between the ends 
of the rings. Too slight clearances may lead to 
excessive liner wear, for obv shan if a ring can- 
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a more even distribution of 
wear. 


RELATION OF LUBRICATION SEAL TO 
CYLINDER WEAR 

Piston rings must bear evenly over their en- 

tire surface of contact with the cylinder walls 


installation iavolves a cylinder diameter of G00 m.m. 





not expand freely without actual contact of its 
butt ends, it will drag over the liner, even 
breaking in certain cases, due to the vibrations 
developed, particularly on the explosion or 


expansion strokes. 


When fully compressed, certain authorities 
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feel that in Diesel service ring clearance should 
range from three to five thousandths of an inch 
per inch of cylinder bore, the most space being 
necessary at the top ring to compensate for 
material expansion under the higher tempera- 
tures which will prevail. 
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where higher temperatures of the expanding or 
compressed gas are involved. In this regard it 
is well to mention that in the air compressor, 
the working temperatures are often lowest, in- 
creasing where steam is involved, and becom 
ing highest in the Diesel, or ignition type of 



















internal combustion engine. These 
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in and wiper rings back to crankcase. 

Too great a clearance, in turn, may lead to 
accumulation of heavy fuel residues, back of 
the top rings, particularly where the gases of 
combustion are able to work their way more or 
less freely around these elements. This will 
lead to stuck rings quite as readily as carbon 
accumulations from excessive use of unsuitable 
lubricating oil. 


The Cause of Blow-by 

It is the opinion of many that the chief 
cause of blow-by is traceable to excessive lubri- 
eation and carbon formation around the rings, 
particularly in worn cylinders, the lubricant 
seal being subsequently destroyed by leakage 
of gases under pressure past the rings. Such 
formations will reduce free motion of the rings 
and ultimately cause them to stick, particularly 


be aided by controlled lubrication, 
provided the oil used is of a high de- 
gree of refinement and shows a sufficiently low 
carbon residue content. In practice, control of 
lubrication is most readily attained by use of a 
mechanical force-feed lubricator, in connection 
with the average steam engine, air compressor, 
or the larger type of Diesel or gas engine. In 
smaller trunk-piston type internal combustion 
engines, however, practice is to maintain cyl- 
inder lubrication by splash. 


The Benefit of Low Carbon Residue 

In this connection the value of low Conrad- 
son carbon residue in lubricating oils, especially 
in air compressor and internal combustion 
engine service, should never be overlooked. 
The beneficial results of this factor in con- 
nection with Diesel engine operation are par- 
ticularly noteworthy. Actual experience has 
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indicated that using an oil of less than 0.1 per 
cent carbon residue, fouling of rings will be 
materially reduced with resultant maintenance 
of compression and remarkably low oil con- 
sumption. In one particular high speed test 
which was run to approximate service condi- 
tions for 700 hours, no appreciable loss of com- 
pression was shown, make-up was less than 2 
per cent of the total amount of oil charged, and 
analysis of the used oil indicated that wear was 
virtually negligible. 


Effect of Blow-by on 

Lubrication and Cylinder Wear 

Discussing the effect of blow-by in connec- 
tion with lubrication and cylinder wear in 
typical Diesel engine service, one ring manu- 
facturer** 

“When the piston ascends on the compression 
stroke, the air which has been drawn into the 
combustion chamber is compressed to about 
480 pounds and the temperature is raised to 
about 1000 degrees, Fahr. A part of this pres- 
sure begins to escape as the piston starts up. 
It continues with increased velocity as the 


states: 


pressure in the combustion chamber is_ in- 
creased. This escaping gas is nothing more than 
hot air. When the piston nears the end of the 
upward stroke, the fuel is injected into the 
combustion chamber and, due to the extremely 
high temperature of this compressed air, this 
fuel is burned or exploded. There is then actual 
fire in the combustion chamber. This burning 
or explosion has increased the pressure in the 
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Fig. 6—Showing various methods of piston ring application. Fig 
engine inclined to use excessive lubricating oil; B shows applicatior 
rings to a 2-cycle oil or gas engine, and 1) shows installation of rings 


combustion chamber to about 700 pounds and 
the temperature to about 2,800 degrees, Fahr. 
The leakage at this point has changed from hot 
air to fire. Let us now consider the effect of this 
fire in conjunction with leaky rings.” 
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of rings to a 4-evele oil or gas 


“After an engine has been run for a few 
months or years, there has been a certain 


The 


greatest wear has taken place near the combus- 


amount of wear on the cylinder walls. 


tion chamber, or upper part of the evlinder. In 
fitting piston rings they must be fitted to the 
smallest or lower part of the cylinder. There- 
fore, when the rings travel to the top of the 
cylinder where the bore is greatest, the gap 
opens and, as above deseribed, the ring has its 
greatest gap at the top of the cylinder at the 
time the pressure is greatest and the tempera- 
ture is the highest in the combustion chamber. 
In other words, the largest gap is exposed to the 
actual fire in the combustion chamber, which 
is trying to escape through this gap. It passes 
through this gap at a time when the piston is at 
the top, when the load on the piston is the 
greatest and hottest, and the fire which passes 
this gap is almost equivalent to a welding torch, 
This torch-like effect passing through the gap 
of the top ring strikes the top of the second ring 
just below and spreads on the cylinder wall, 
traveling toward the gap of the second ring on 
the opposite side. This torch-like effect then, is 
burning the oil film on the cylinder wall under 
this top ring as the piston descends on its power 
stroke. Therefore, the lubrication on the eylin- 
der wall is greatly impaired and, in many cases, 
is burned off to such an extent that there is 
practically no lubrication left. Cylinder and 
liner wear is caused by metal to metal contact, 
which is caused by the disturbance of the oil 
film from blow-by, resulting in increase in the 
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pplic ition of piston rings to a 4-evele oil or gas 
lor engine; Fig. C shows application of 


on the piston of a single acting ammonia Compressor 


eylinder wear, and is very expensive, both from 
the standpoint of lost power and repairs.” 
While most engine builders consider the two- 
piece sealing ring as a repair ring for use after 
evlinder wear has occurred, there are some 
manufacturers who feel that blow-by com- 
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mences soon after the engine is put into service, 
or as soon as the joint openings of the plain 
rings enlarge from the combined wear of cyl- 
inder and ring. By using sealing rings at the 
outset, the possibility of blow-by destroying 








Courtesy of Double Seal Ring Company 


Fig. 7 


lubrication is eliminated and this in turn 
guarantees longer life of cylinder and _ rings. 
The location of sealing rings on the piston is 
still a matter of opinion that greatly varies. 
Most ring manufacturers, however, recom- 
mend the use of several plain rings ahead of the 
sealing rings or in the grooves nearest the top. 
One in particular{  states:—The — location 
of two-piece sealing rings on Diesel pistons, 
and the number of sealing rings to be used, de- 
pends to a large extent on the amount of cyl- 
inder wear that has occurred. If cylinder 
enlargement at the maximum point of wear 
does not exceed 0.005 inch per inch diameter 
of cylinder, two sealing rings will suffice, 
placed in grooves No. 3 and No. 4, with 
ordinary plain rings in grooves No. 1, No. 2, 
No. 5 and No. 6 on a piston carrying six com- 
pression grooves. If eylinder enlargement at 
the maximum point of wear exceeds 0.005 inch 
per inch diameter of cylinder, three sealing 
rings should be used, in grooves No. 3, No. 4 
and No. 5, with plain rings in the other grooves.” 


Ring Pressure 

The extent to which so-called back-pressure 
or pressure developed by penetration of air, 
steam or gases of combustion back of certain 
types of piston rings should be regarded as a 
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Cutaway view of a uniflow steam engine wherein one piece double seal 
rings are installed on a four ring piston in Combination with two plain rings. 





June, 1935 


contributing cause of abnormal liner wear, is 
open to discussion. Obviously within a re- 
stricted chamber exposed to pressure such as is 
formed by the evlinder head and that portion 
of the evlinder wherein expansion or compres- 
sion takes place, there will be a 
tendency toward equalization of pres- 
sure. In other words while the pres- 
sure prevailing above and = around 
the piston will in many cases also 
find its way to the annular spaces in 
back of at least the uppermost piston 
rings, the outward force exerted in 
back of these rings will largely be off- 
set by a force of equal intensity work- 
ing against the exposed parts of the 


rings. 


Gas Pressure vs. Ring Tension 

It is important to differentiate be- 
tween the relative effects of ring ten- 
sion and gas pressure upon liner wear. 
The former is essential in the interest 
of reducing blow-by and maintaining 
a suitable seal; the latter is inherent 
to operation. Average practice is to 
use rings which will exert a pressure 
of from 6 to 10 pounds per square inch 
of contact surface. Normally this will 
not be sufficient to cause extensive 
wear, unless lubrication is seriously 
impaired. It is sufficient, however, to maintain 
an adequate seal in company with effective 
lubrication, to materially prevent blow-by and 
the wear-producing effects of gas pressure past 
the rings, especially when these latter are 
capable of flexible action in comparatively 
clean, parallel piston grooves. 

Wear as it results from gas pressure is a fune- 
tion of velocity, being actually a form of ero- 
sion. As a result, the higher the pressure to 
which the piston may be exposed upon its ex- 
pansion or compression strokes, according to 
the type of engine or compressor, the greater 
the potential velocity of the gas at the point of 
leakage, consequently the greater the resultant 
wear. On the other hand, it is minimized in 
the high speed Diesel, especially, by improved 
methods of cooling and the use of positive 
means of lubrication. 


Use of Alloy Cast Iron Liners 

Recent studies in connection with alloy east 
iron liners has led to some particularly interest- 
ing conclusions in regard to the effect of such 
alloys upon elasticity and resistance to temper- 
ature stresses. As a potential preventative of 
cracked liners, the use of such alloys is worthy 
of careful consideration. 

According to certain foreign authorities, 
analysis of liner cracks over a period of several 
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vears has indicated marked similarity in 
currence. These have been observed to start at 
the upper edge of the inside bore of the liner, 
extending downward and outward until they 
reached the outside, when water leakage oc- 
curred, It is reasonable to presume that such 
cracks are caused by temperature 
aided by lack of adequate cooling in 
conventional design. 

To overcome this, alterations in machining 
of the tops of liners have been studied, as 
shown in Figure 9. This involved removal of 
part of the material in the upper edge of a liner, 
and rounding off this edge as indicated. Re- 
search of certain European authorities has 
indicated such construction to exert a marked 
effect in equalizing and reducing temperatures 
and stresses at liner tops, where otherwise ex- 
tremely high temperatures would be concen- 
trated, 

The use of vanadium, chromium and _ nickel 
alloy constituents where thorough and even 
distribution throughout the casting is brought 
about, has been found to increase strength and 
resistance to wear with encouraging mainte- 
nance of compression and economy of lubricat- 
ing oil, 


OC- 


stresses, 
liners of 


Hardness of Materials 


Relative to the hardness of metal required 
for piston rings for various types of engines and 
compressors, it is interesting to note that the 
trend is apparently to 
use softer grades of iron 
wherever it is difficult to 
maintain adequate lubri- 
cation. 

Hardness of piston ring 
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the harder they will be, due to quicker cooling 
in the process of manufacturing. For classes of 
service wherein operating temperatures will 
not run as high as in the internal combustion 
engine some ring manufacturers build a type of 
ring somewhat softer than 160 Brinnell. 

Relative to cylinder liners, many authorities 
believe that the hardness should exceed that of 
piston rings to a certain extent. Where alloys 
such as nickel, chromium or vanadium are 
used in the manufacture of liners the resultant 
initial hardness will be materially increased, 
although it may change somewhat after con- 
tinued service. 

EXPANSION AND LOCATION 

In Diesel engine service the prevailing tem- 
peratures to which the pistons are exposed as 
they approach the combustion chamber re- 
quires careful consideration of expansion at the 
top of the former, and the location of the rings 
nearest the top. Expansion is taken care of by 
slightly tapering the pistons at the top. The 
extent of the taper, however, depends upon 
their metallic structure with respect to that of 
the cylinder liners. Top rings must also be de- 
signed with respect to probable expansion under 
heat. Normally this is taken care of by provid- 
ing greater side clearance and clearance between 
the ends of the rings. 

The lubricating film at the top of the cylinder 
walls is, of course, exposed to the highest 
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metal is controlled by 
the size and manner of 
handling in the proc- 
ess of manufacture. In 
softer irons a larger per- 

centage of the total car- 
bon is in the primary 
graphite state. In the 
harder types of rings, on 
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the other hand, there is 
less primary graphite and 





more combined carbon. 
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be obtained when bot h Courtesy of Westinghouse Electric and Manufacturing Co. 
hi a i : Fig. S—Oiling diagram for the Westinghouse Diesel engine, showing piping arrangement 
rings and iners range and relative location of oil filter, pressure pumps and oil supply. 
above 160 in’ Brinnell 
hardness, particularly for internal combustion temperatures, but it is only momentarily, for 


certain authorities 
feel that in the smaller sizes the allowable 
hardness may range considerably above this 
figure. As a general rule the thinner the rings 


engine service, although 


as the working stroke occurs temperatures 
drop rapidly. A certain amount of this film 
is burned, however, at each stroke. The extent 
to which carbon residues remain may readily 
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affect the operation of the piston rings. Should 
they bind or not be capable of free expansion, 
the ability to free themselves of any carbon 
deposits will be reduced. Under such condi- 
tions, according to the nature of refinement of 


— 774 si -—— 
rm 714 218 - 
| 
pee. eg es — 
| PROPOSED MACHINING 
| ALTERNATE PROPOSAL 











Courtesy of Belships Company, Ltd., and Sulzer Brothers 


Fig. 9 
material, Dimensions are in millimeters, 
the lubricating oil, and the grade of fuel, such 
deposits may become so increased as to cause 
the rings to stick and become entirely inopera- 
tive. When this occurs blow-by will be en- 
couraged for not only will the seal be impaired, 
but wear will also be promoted. 

As to the effect of piston and piston ring de- 
sign on wear, it is to be pointed out that cur- 
rent practice places the first ring quite some 
distance below the top of the piston. The reason 
for doing this is to give the gases that may pass 
the ring a chance to cool off, thus decreasing 
the temperature at the most likely point of 
maximum wear and reducing piston ring duty. 

The vertical clearance allowed for the rings 
also seems to be a contributing factor. Too 
small clearance results in undesirable restrain- 
ing of the rings from their natural motion. Too 
small end clearances may also cause the rings 
to expand longitudinally on heating, and fre- 
quently to buckle. Excessive clearance on the 
other hand, is thought by some to permit the 
full gas pressure to get behind the rings and 
thus increase wear. 

But if some wear of the cylinders is due to 
the eroding action of the hot gases, it is re- 
duced by the expedient of placing the first ring 
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Showing suggestion for rounding off top of a Diesel cylinder liner with 
a view to bringing about more even temperature distribution throughout the liner 
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at quite some distance from the top of the pis- 
ton. 

Authorities have suggested, with respect to 
the four cycle engine, that if this first ring is 
located at a distance from the piston head 
equal to approximately one quarter 
of the piston diameter, it will en- 
able the lubricating film to fune- 
tion most effectively in protecting 
the contact surfaces of both the 
ring and cylinder liner. 

In the two cycle engine the first 
ring must never pass the exhaust 
port prematurely on the down- 
ward stroke, otherwise loss of 
pressure may result before the 
stroke is completed. In such en- 
gines careful study of the length 
of the stroke with respect to the 
location of this port is essential, 
prior to deciding on the location 
of the first ring. Frequently this 
location must be closer to the top 
of the piston than in the four evcle 
engine. For this reason a low ecar- 
bon forming cylinder oil is very 
necessary for continued effective 
lubrication of such engines, es- 
pecially in view of the added fact 
that in such engines the cylinder 
temperatures may also be con- 
siderably higher. 

By locating the first ring a suffi- 
cient distance below the top of the 
piston, the possibility of sticking, due to carbon 
accumulation is materially reduced, particu- 
larly where the rings are accurately fitted in 
their respective grooves, and are able to ex- 
pand freely. There is a further advantage in 
that when the first ring is properly located 
with respect to the piston head it is more nearly 
exposed to the cooling effects of the piston 
coolant and capable of more ready dissipation 
of heat through the thinner layer of metal at 
the base of its groove. 


LUBRICATING OIL CONSUMPTION 

Records of certain marine installations over 
a period of several years have indicated some 
interesting data in regard to the effect of con- 
structional and maintenance conditions upon 
lubricating oil consumption. Among the factors 
which have been particularly studied are: 

The condition of oil scraper rings. 

The packing of crankease covers. 

Viscosity of oil in circulation. 

Viscosity of oil used for make-up. 

Means for collecting cylinder and crank- 
case oil from scraper rings for return to the 
circulating system. 

Prevention of oil loss through vaporiza- 
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tion or crankease breathing via _ fittings 
which can be made oil-tight. 
Manner of installation of piston rings. 
Frequent or continuous purification — of 
crank-case oil to reduce loss of free oil which 
may be carried off with sludge. 
Adjustment of outboard bearings. 

Mechanical prevention of oil losses which 
might often be regarded as due to excessive 
consumption or use of an oil unsuited to engine 
temperatures, should be given most careful 
attention. Consideration of this factor in con- 
nection with a discussion of piston rings is 
essential, for in event of apparently excessibe 
oil consumption the rings might very easily ve 
regarded as a contributing cause. One of the 
most important details in studying mechanical 
prevention of oil loss is to check the engine for 
tightness. Packing of crank-case covers or 
plates has been found to be especially helpful 
in this connection. They should, therefore, be 
carefully replaced after each inspection of the 
engine, the bolts being tightened uniformly to 
insure even bearing of the contact surfaces 
upon the gaskets or packing. 

Installation of rings is another item which is 
of utmost importance. As a general rule there 
will be a certain amount of increase in lubri- 
cating oil consumption after renewal of piston 
rings, inasmuch as new rings will sometimes 
leak and require a certain 
amount of time to attain 
a running fit in the piston 
grooves. Where oil con- 
trol rings of the sharp 
edge type are used it is 
highly essential to guard 
igainst installing upside 
down. Otherwise the ring 
may develop a pumping 
instead of a scraping ac- 
tion. This would, of 
course, result in 
lubricating oil consump- 
tion. Actual practice has 
indicated that in extreme 
cases oil consumption will 
he doubled if rings are not 
properly installed. 

Where rings are prop- 
erly installed tests have 
indicated that the con- 
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Further study of similar data, gathered most 
recently in connection with the use of cast iron 
liners carrying a small percentage of chromium 
and nickel, indicates that marked decrease in 
liner wear is being attained coincident with a 
gradual reduction in cylinder lubricant con- 
sumption. Inspection of liner surfaces at 
periodic intervals has indicated such excellent 
polish and condition as to justify the conclusion 
that the use of such alloys holds great promise 
as an adjunct to more effective cylinder lubri- 
cation and better performance of piston rings, 
especially where controlled lubrication is prac- 
ticable. 


AIR FILTRATION 


The value of clean air as an adjunct to pro- 
tection of internal combustion engine and air 
compressor lubrication has become fully ap- 
preciated by machinery builders, operating 
executives and plant engineers in the reali- 
zation that air comes into the most intimate 
contact with the working elements of such 
equipment, in the performance of its intended 
function, 

It is, of course, impossible to eliminate dirty 
air conditions entirely; screening of windows 
and doors will prevent larger particles of dust 
from entering, but finer dust will get by, to be 
an ever prevalent detriment to lubrication, 
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= 4 2 . = Fig. 10—Showing the American sectional packing ring, designed for steam railway locomotive 
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sumption of ( ) lin le I . il service. Note the cutaway section of this type of ring, also installation of steel spring expanders 
in the two evcle engine, rhe latter forces every segment of the rings into conformity with the cylinder bore 


for example, may range 

from one-half to three quarters of a gram per 
B.H.P. hour. These figures have been indicated 
as a fair range, based upon study of more than 
twenty representative marine installations of 
one of the most prominent foreign two-cycle 
engine builders. 


unless steps are taken to remove it from the air 
which is to pass through the equipment, or 
come in contact with its wearing elements. 
Such air, the -refore, should be filtered where- 
ever necessary, the volume so treated per hour 
generally depe nding upon the size of the filter 
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installation and the requirements of the plant. 
Normally it will not be necessary to filter all 
the air which is circulated through any particu- 
lar room or building. In general only such air 
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Fig. 11 

two-cycle engine. In such engines it is important to locate the top ring 

near enough to the top of the cylinder so that it will not pass the exhaust 

port prematurely on the downward stroke and lead to loss of pressure 
before the stroke is completed. 


Showing relative location of piston rings on the piston of a 


will require filtering as is to be taken directly 
into an air compressor or internal combustion 
engine. 

In Diesel engine operation air for scaveng- 
ing and combustion should be as clean and free 
from abrasive foreign matter as possible. This 
will be most important in the full Diesel engine 
where air is not only mixed with the fuel prior 
to combustion, but is also used to bring this 
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about. Yet, in the semi-Diesel, it is likewise of 
importance, for dirty air will preclude efficient 
operation by increasing deposits and perhaps 
causing scored cylinders, ete. 

While all air will contain a certain amount of 
minute abrasive foreign matter, in certain lo- 
calities and in certain industries this will be far 
more in evidence than in others. In marine 
service, for example, the Diesel engine will 
usually function on comparatively dust-free 
air, and therefore might not require any air 
filtration, whereas a stationary engine, operat- 
ing in a stone working plant would bea decidedly 





Courtesy of Frick Company, Incorporated 
Fig. 12—Sectional view of an ammonia compressor showing relative 
location of top and bottom rings. 


fit candidate for attention in this regard. The 
Diesel engine operator should, therefore, al- 
ways determine the dust content of the air in 
his engine room. 
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